The temperature dependence of the steady-state kinetic parameters for a glutamate dehydrogenase from Aeropyrum pernix K1 was investigated. The enzyme showed a biphasic kinetic characteristic for L-glutamate and a monophasic one for NADP at 50-909 C. At low concentrations of L-glutamate the K m decreased from 2.02 to 0.56 mM and the catalytic e‹ciency (V max W K m ) markedly increased (4-150 mmol ・mg -1 ・mM -1 ) along with the increase of temperature from 50 to 909 C. At high concentrations of the substrate the K m was fairly high and approximately constant (around 225 mM), and the catalytic e‹ciency was low and its temperaturedependent change was small. The K m (0.039 mM) for NADP did not change with the increase of temperature. In the reductive amination, the K m s for 2-oxoglutarate (1.81 and 9.37 mM at low and high levels of ammonia, respectively) were independent on temperature, but the K m s for ammonia and NADPH rose from 86 to 185 mM and 0.050 to 0.175 mM, respectively.
More than 60 strains of physiologically diŠerent hyperthermophiles have been isolated from hightemperature environments in the last 2 decades. 1) Most of the hyperthermophiles are known to be anaerobic organisms and to obtain energy by fermentation or a nonoxygenic respiratory system. Aeropyrum pernix K1 isolated from a coastal solfataric vent is a unique hyperthermophilic archaeon which grows heterotrophically at the optimum temperature of 90-959 C under absolutely aerobic conditions.
2) Thus the energy metabolism, synthesis, and metabolisms of cell components, and properties of the enzymes of A. pernix K1 are expected to be diŠerent from many other anaerobic hyperthermophiles such as Pyrococcus furiosus and Thermococcus litoralis. We have so far investigated the characteristics of enzymes responsible for the sugar and amino acid metabolisms in the hyperthermophiles. [3] [4] [5] Recently, we puriˆed an NADP-dependent glutamate dehydrogenase (GluDH) from A. pernix K1 and characterized it. 6) In the procedure of characterization, the temperature used for the assay was 509 C which is somewhat lower than that of the optimum growth temperature. This temperature does not re‰ect the physiological conditions of the hyperthermophiles. In this study, we attempted to determine the temperature dependence of the steady state kinetic parameters for A. pernix K1 GluDH.
A. pernix K1 (JCM 9820) was aerobically cultured at 909 C under the same conditions as previously described, 6) and GluDH was puriˆed from the crude extract of the A. pernix K1 cells by the previous methods. 6) The enzyme was assayed spectrophotometrically with a Shimadzu 1600 spectrophotometer equipped with a thermostat (Thermoelectric Cuvette Temperature Controller S140, Shimadzu, Kyoto, Japan) which kept the temperature of reaction mixture in the cuvette between 50-1009 C. The standard reaction mixture for the oxidative deamination was composed of 250 mmol of glycylglycine W NaOH buŠer (pH 8.3), 20 mmol of Lglutamate (pH 8.3), 2.5 mmol of NADP, and the enzyme in aˆnal volume of 2.00 ml. The standard reaction mixture for the reductive amination was composed of 125 mmol of glycylglycine W NaOH buŠer (pH 8.3), 1000 mmol of NH4Cl (pH 8.3, adjusted with NaOH), 30 mmol of sodium 2-oxoglutarate, 0.35 mmol of NADPH, and the enzyme in aˆnal volume of 1.00 ml. The pH (8.3) of buŠers and substrates for the reaction mixtures in the deamination and amination was adjusted at 259 C and used for the assay at various temperatures. The reaction was started by the addition of the enzyme solution (25 ml), and the activity of enzyme was assayed as previously reported.
6) The temperature of the enzyme solution added was previously adjusted to the assay temperature. Enzyme activity was measured using 10-mm and 4-mm light optical path cells for oxidative deami- The assay was done at 509 C in 125 mM glycylglycine W NaOH buŠer (pH 8.3) containing 1.25 mM NADP. The inset shows the doublereciprocal plot of initial velocity versus L-glutamate concentration at high levels. nation and reductive amination, respectively. One unit (U) of the enzyme was deˆned previously and the activity at various temperatures was expressed by the initial velocity ( mmol of NADPH formed or decreased per min). Protein was measured by the Bradford method as previously described. 6) Temperature dependence of kinetic constants for L-glutamate and NADP in the oxidative deamination, and 2-oxoglutarate, ammonia, and NADPH in the reductive amination of A. pernix K1 GluDH, was investigated. Initial velocity experiments were done at 50 to 909 C as previously described. The concentrations of the non-varied substrates were 10, 1.25, 30, and 0.35 mM for L-glutamate, NADP, 2-oxoglutarate, and NADPH, respectively. The concentrations of ammonia were 600 mM and 1000 mM.
Measurement was repeated more than 3 times to measure the Km accurately. The double reciprocal plots of initial velocity versus L-glutamate concentration did not show a linear relationship, but a biphasic one between low and high concentrations of L-glutamate at 509 C (Fig. 1) . The Kms for L-glutamate were calculated to be 2.02 and 225 mM at low and high concentrations of L-glutamate, respectively. A similar biphasic kinetic behavior for ammonia has been observed for GluDHs from other hyperthermophiles such as Sulfolobus solfataricus and Pyrococcus furiosus.
7,8)
The Kms for the substrates and coenzymes were measured by kinetic analyses and the results are given in Table 1 . A large decrease in Km for L-glutamate was observed along with the increase of temperature at low concentrations of substrate. The Km for Lglutamate at 909 C was about one third of that at 509 C, the catalytic e‹ciency markedly increased, and the value (150 mmol ・mg "1 ・mM "1 ) at 909 C was about 38 times higher than that at 509 C. On the other hand, the Km at a high level of substrate did not change at temperatures from 50 to 909 C, the catalytic e‹ciency was low, and its temperature-dependent change was small. The high Km, more than 200 mM for L-glutamate, and the low catalytic e‹ciency may have no physiological signiˆcance. Double reciprocal plots of initial velocity against NADP concentration gave a straight line at 509 C. The Km for NADP was calculated to be 0.039 mM and did not change even at high temperatures like 909 C ( Table 1 ). The Km for NADP did not show temperature dependence, unlike the case of low concentrations of L-glutamate. The Km for NADP is in close agreement with that of GluDH from other sources. 5, 7) In the reductive amination, the amount of decomposed NADPH was measured by incubation of the reaction mixture without the enzyme for 3 min at 60-909 C and by monitoring the disappearance of NADPH at 340 nm. The decomposed NADPH was then subtracted from the total amount of NADPH in the reaction mixture. The double reciprocal plots of initial velocity versus ammonia concentration showed biphasic kinetics, and the Kms were calculated to be 86 and 319 mM at low and high concentrations of ammonia, respectively. An increase in K m for ammonia was observed along with the increase of temperature at low concentrations (Table 1 ), but we were not able to calculate the Km accurately at high concentrations at high temperatures. The Kms for 2-oxoglutarate were estimated to be 1.81 and 9.37 mM at 509 C in the presence of 600 and 1000 mM NH4Cl, respectively, and the Kms did not show temperature dependence (Table 1 ). The Km for NADPH was measured at 50-909 C, and the increase of Km for NADPH was observed along with the increase of temperature ( Table 1 ). The Km for NADPH at 509 C is in close to that observed with Thermococcus litoralis GluDH.
9) The Km (0.175 mM) for NADPH at 909 C was about 3.5 times compared with that at 509 C. These suggest that the enzyme has a lower a‹nity for ammonia and coenzyme in the reductive amination around the optimum growth temperature of A. pernix K1, although the enzyme has a higher a‹nity for L-glutamate in the oxidative deamination under the same conditions. The Kms for L-glutamate and NADPH of the A. pernix K1 enzyme are high compared to those of GluDH from Pyrococcus furiosus at 509 C, 6) but the Kms are low compared to those at high temperature. 10) Hudson et al. has reported the increase in the Km with the temperature for the substrates and coenzymes of the oxidative deamination and the reductive amination of GluDH from isolate AN1.
11) The decrease in Km for L-glutamate along with the increase of temperature is one of the characteristics of A. pernix K1 GluDH. The enzyme does not have temperature dependence Km for 2-oxoglutarate and NADP. The increase in the Kms for NADPH and ammonia are similar to that of AN1 GluDH. The Kms for NADP and 2-oxoglutarate are high compared to those of GluDH from isolate AN1 at 609 C, but the Kms are similar at high temperature such as 809 C. 11) This emphasizes the need to measure the kinetic parameters of the enzyme near the growth temperature of the hyperthermophiles and it may have physiological signiˆcance. The kinetic parameters of the enzyme at high temperature may contribute to evaluate the conformational states and physiological signiˆcance of the hyperthermophilic enzymes.
